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GENERAL INTRODUCTION 
Background Knowledge of Soil Organic Matter 
Organic matter serves several roles in soils. Soil organic matter may have a direct 
nutritional effect by contributing essential mineral elements such as N, P, K, Sand 
microelements (Vaughan and Malcom, 1985). Because of its considerable cation exchange 
capacity (CEC), soil organic matter may also serve as a reservoir for plant nutrients and reduce 
leaching of elements that are critical for plant growth (Vaughan and Ord, 1974). Soil organic 
matter may also serve as a source of plant growth regulators and aromatic and aliphatic 
compounds. Soil organic matter makes a substantial contribution to soil structure. Organic 
matter binds primary particles together to form aggregates sufficiently stable to withstand the 
impact of falling raindrops and the movement of animals and machinery over the soil surface 
(Parsons, 1984), thus improving tilth, aeration, and retention of soil moisture (Stevenson, 
1982). 
Soil organic matter also profoundly affects the activities of micro floral and 
micro faunal organisms in the soil. Organic matter serves as an energy source for both macro-
and microfauna! organisms. Populations of bacteria, actinomycetes, fungi and earthworms in 
the soil are promoted by the increasing of soil organic matter content (Stevenson, 1982). 
The term soil organic matter is generally used to refer to all the organic 
components present in a soil and in an average soil there should be an infinite number of stages 
of decomposition of soil organic matter present (McKibbin, 1933). Because of its complex 
nature, soil scientists have developed numerous definitions in an attempt to define soil organic 
matter. The definition developed by Stevenson (I 982) has been widely accepted. He defined 
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were grown from germination paper and HA solutions were added at various growth stages. 
For all three species, along with the delay ofHA application, i.e., from stage 1 to stage 4, 
there was a continuing decline of root fresh weight, root dry weight, and taproot length. 
Finally, a histology study was conducted on HA treated cucumber root tissues. Stained 
cucumber tap root slides were examined. The diameter ofHA-treated roots was significantly 
larger than those treated by NC and DI. Also, HA treated tissue appeared more active in cell 
division. 
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A comprehensive study composed of five experiments was conducted to examine the 
effects of humic acids (HA) on root development of ornamental seedlings. In the first 
experiment, cucumber, marigold, geranium, impatiens, and pansy were examined on two 
types of germination paper system drenched with various concentrations ofHA, nutrient 
control solutions (NC), or deionized water (DI). Among cucumber, geranium, and marigold, 
root fresh weight, root dry weight, taproot length, lateral roots number and lateral root length 
were significantly greater for HA treatments than those for control solutions and deionized 
water. However, significance was not found with impatiens and pansy growth parameters. 
In the second experiment, the effects of HA as a substrate drench was addressed. Optimal 
concentrations of HA that were acquired from the first experiment were used in this 
experiment. Root fresh weights were significantly higher for HA treatments than those for 
NC and DI among all five species. Shoot fresh and dry weight responses varied while the 
majority of the species didn't have a significant difference between HA and NC. In the third 
experiment, cucumber, marigold, and geranium were sprayed with a foliar application using 
HA and NC at 200 and 400 mg·r1, and DI. All three species showed a significant response in 
root fresh weight and shoot fresh weight, while only cucumber showed a significant response 
in plant shoot weight for HA treatment. The fourth experiment was established to examine 
the effects of growth stages on HA to the seedlings. Cucumber, marigold, and geranium 
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soil organic matter as the total components in soil exclusive of undecayed plant and animal 
tissues, their "partial decomposition" products (the organic residues) and the soil biomass 
(living microbial tissue). He interchangeably used the term soil organic matter and humus 
(Vaughan and Malcolm, 1985). Soil organic matter has also been classified into two groups 
designated as non-humic substances and humic substances (Felbeck, 1965; Kononova, 1961; 
Scheffer and Ulrich, 1960; Stevenson, 1982). Soil organic matter has been reported to contain 
approximately 60 percent humic substances (Orlov, 1974). Humic substances is a term that 
encompasses humic acids, fulvic acids, hymatomelanic acid, and humin. These substances can 
be separated based on their solubilities in acids and bases (Figure 1 ). 
extract with alkali 
... 
(Insoluble) 
Humin 
• (precipitated) 
.--------- Humic acid 
I 
+ 
(soluble) 
treat with acid 
I 
(Not precipitated) 
Fulvic acid 
Extract with alcohol • 
Redissolved in base and 
add electrolyte 
I 
Hymatomelanic acid 
(precipitated) 
Gray humic acid 
(not precipitated) 
Brown humic acid 
Figure 1. Procedure for the separation of humic substances (Stevenson, 1982.) 
Characterization of Humic Acids 
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Among the fractions of humic substances, humic acids (HA) have received by far 
the most attention. However, the understanding of the chemistry of HA is still limited. Humic 
acids are large polyphenolic molecules with sugar, carbohydrate, and peptide side chains. 
Humic acids have average molecular weights ranging from less than 1000 daltons to greater 
than 100,000 daltons (Dell'Agnola and Ferrari 1969; Ladd, 1969; Swift and Posner, 1971). HA 
is primarily composed of carbon and oxygen but in addition they always contain hydrogen, 
nitrogen, phosphorous and sulfur. Since numerous substitutions may occur, the exact chemical 
structure of HA varies and preparations of HA will have a population of different chemical 
structures (Figures 2, 3, and 4). Dry state HA has a dark shiny brown to black color and is 
odorless. It is hygroscopic and soluble in water and will break down when placed under a 
temperature exceeding 60-70 °C. HA have a high cation exchange capacity that varies from 200 
to 500 meq I 100 gat pH 7 depending upon source (Orlov, 1974). 
Figure 2. Humic acid structure proposed by Dragunov (Kononova, 1966). 
4 
Figure 3. Hypothetical structure of humic acid according to Flaig (1960). 
HC=O 
I (Sugar) 
(HC-OH) 4 I 
OH 
OH OH O /j O - CH - 1. 0 
/; ~ /; "'-N II 
NH J! OH 
I 
R-CH 
I (Peptide l 
C=O 
I 
NH 
~ 
Figure 4. Hypothetical structure of humic acid by Felbeck (1965). 
Extraction of Humic Acids 
COOH 
The first reported attempt to isolate humic substances from soil appears to have 
been made by Achard (1786), who extracted from peat using alkali and obtained a dark, 
amorphous precipitate upon acidification. Usually, NaOH and Na2C03 solutions of 0.1 to 0.5 N 
concentration in water have been widely used for recovering HA or fulvic acid (FA) from soil. 
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Some mild extracts (i.e., N~P207 and EDTA) have also been used in recent years to extract HA 
from certain soil types (Stevenson, 1982). The extracted alkali-soluble, acid-insoluble material 
later came to be known as humic acid. In 1822, Dobereiner designated the dark-colored 
component of soil organic matter as "Humussaure," or "humus acid." This term came to be 
used synonymously with "humic acid", although Waksman (1936) concluded that "humus 
acid" was, for the most part, an inclusive term for all "humic acids", whereas "humic acid" 
should be the precipitate extracted by acidification. This definition still persists (Stevenson, 
1982). 
Rather than extracting from peat, soil, or water directly, commercial HA are more 
often prepared from leonardite. Leonardite is a soft brown coal deposit usually found in 
conjunction with lignite which is a type of soft coal. Leonardite is an oxidized form of lignite 
coal and has higher oxygen content than lignite. The oxygen content is attributed to the 
presence of a larger number of carboxylic acid groups. These carboxylic acid groups increase 
the alkali solubility of leonardite. Leonardite, using 1 NNaOH as an extractant (O'Donnell, 
1972), will yield as high as 88% HA on a moisture- and ash-free basis. Because it is extracted 
from a natural mineral source, the commercial HA also contain various mineral elements, 
including N, P, K, Mg, Ca, Zn, and Mn. 
Thesis Organization 
This thesis consists of a review of the pertinent literature and a discussion of five-part 
research project prepared in partial fulfillment of the requirements for the degree, Master of 
Science. Each part of the research project contains a specific objective supported by dedicated 
experiment and is detailed individually following the literature review. 
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LITERATURE REVIEW 
Plants' Response to Humic Acids 
HA has been shown to have numerous effects on plant growth. Sladky (1959) applied 
HA to the leaves of begonia (Begonia semperflorens L.) and found a significant increase in the 
fresh weight of stems. Similarly, foliar application of HA (Khristeva and Manoilova, 1950) 
resulted in increased shoot dry weight of com (Zea mays L.). Tan (1978) reported a 32.5% to 
42.5% increase in dry matter of com leaves after aHA solution treatment. Vaughan and 
Linehan (1976) reported that under axenic conditions HA enhanced the increase in fresh 
weights of wheat shoots by 29% and the corresponding dry weight was increased by 13%. 
Brownell et al. (1987) reported increases in shoot fresh weight of tomato, cotton and grapes of 
1 0.5 %, 11.2% and 25%, respectively after treatment of humic acids solutions to soil. An 
increase in dry weight of rice seedlings from 8.2% to 21.8% was reported by Nardi et al. 
(1989). 
One of the most common responses of plants to HA treatment has been the promotion 
of root growth. Significant root fresh weight increases were found (Hartwigsen and Evans, 
2000) for marigold (Tagetes patula L. , 'Bonanza'), cucumber (Cucumis sativus L. , 'Salad 
Bush'), squash (Cucurbita pepo L. , 'Golden Summer Crookneck'), and geranium (Pelargonium 
x hortorum L. , H. Bailey 'Freckles'). David et al. (1994) examined growth of tomato in solution 
culture and found increased fresh and dry root mass of plants grown in HA solutions as 
compared to those grown in control solutions. Increased cell elongation of pea (Pisum sativum 
L.) roots was reported by Vaughan and Ord (1974). Mylonas and McCants (1980) reported that 
tobacco (Nicotiana tabacum L.) plants grown on paper towel saturated with HA solutions had 
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tobacco (Nicotiana tabacum L.) plants grown on paper towel saturated with HA solutions had 
higher root numbers and total root length than plants grown on paper towel saturated with 
nutrient solutions or deionized water. Tan and Tantiwiramanond (1983) found increased fresh 
and dry root weights for soybean (Glycine max L.), peanuts (Arachis hypogea L.) and clover 
(Trifolium alexandrium L.) grown in sand culture amended with 100 to 400 mg·ki1 HA and 
fulvic acid. Sanders et al. (1990) examined the effect ofHA incorporation into the fluid drill 
solution used in carrot production and found a 50% to 75% increase in the number of carrot 
(Daucus carrota L.) seed germinating. Carrots germinated in a root medium drenched with HA 
had a 100% higher root fresh mass than those germinated in a root medium drenched with 
water. 
Modes of Action of Humic Acids 
There are various explanations for the mechanism of HA's function. Some researchers 
believed the beneficial effects of HA on plant growth were a result of increased nutrient uptake 
(Stevenson, 1982; Tan and Nopamornbodi, 1979). Both increased macroelements and 
microelements absorption were reported. Gaur (1964) found enhanced uptake ofN, P, and Kin 
ryegrass (Lolium perenne L.) grown in pots in a soil amended with HA. Dekock (1955) 
concluded that lignite-derived humic substances maintained Fe in solution in both nutrition 
solutions and plant tissues. Humic acids have a high chelating capability and increases the 
availability of micronutrients such as iron. In addition, HA also may chelate toxic soil elements 
(i .e., AI++) and prevent them from impacting plant growth (Tan and Binger, 1986). Its high 
cation exchange capacity may lead to a better utilization of fertilizers by making nutrients more 
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available in the root zone (Stevenson 1982). Rauthan and Schnitzer (1981) reported the 
enhanced root absorption of iron complexes and they attributed that to HA's chelation property. 
It was also thought that one of the mechanisms for HA promotion of root growth was 
due to an increase cell membrane permeability ofHA-treated plants (Guminski et. al., 1983). 
Chen and Schnitzer (1978) hypothesized that HA may interact with the phospholipid structures 
of cell membranes and act as carriers of nutrients through the membranes. Smidova (1962) 
speculated that responses of plants to HA was due to accelerating the respiratory processes of 
higher plants. Kononova (1961) speculated that humic compounds were absorbed by the plant 
during the early stages of growth and served as additional sources of polyphenols, which acted 
as respiratory catalysts. Furthermore, protein synthesis enhancement, plant-hormone-like 
action, photosynthesis enhancement, enzyme activity improvement, and microbial population 
enhancement were also proposed to be mechanisms by which HA affected plant growth (Chen 
and A vi ad, 1990). 
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GENERAL MATERIALS AND METHODS 
Species used in this research included Cucumis sativus L. 'Burpee Hybrid' -
(cucumber), Tagetes patula L. 'Janie Bright Yellow' (marigold), Viola tricolor L. 'Bingo 
Light Rose' (pansy), Impatiens wallerana Hook.F. 'Accent Lavender Blue' (impatiens) and 
Pelargonium x hortorum L. 'Salmon Elite' (geranium). All seed were supplied by Ball Seed 
Co. (West Chicago, IL). 
Treatment solutions included deionized water (DI), humic acids (HA) and nutrient 
control (NC) solutions. Humic acid solutions were prepared using the commercial HA 
material Enersol® (American Colloid Co., Skokie, IL). Enersol is a dry powdered form ofHA 
derived from leonardite (Table 1). Nutrient control solutions that provided equivalent mineral 
elements for each concentration of the HA solutions were prepared (Table 2). Where 
indicated the pH level of each of solution was adjusted using 0.1N KOH or 0.1 N HCl. 
Electrical conductivities of the solutions were recorded using a conductivity meter (Fisher 
Scientific International Inc. , NH). Solutions were stored in a refrigerator at 4 oc and allowed 
to wann to room temperature (approx. 23°C) before use. Fresh solutions were prepared every 
10 days . 
Germination paper towels were acquired from Anchor Paper Co., St. Paul, MN and 
root substrate used in this research were prepared by mixing peat (Sun Gro Horticulture 
Canada Ltd., Canada) and vermiculite (Strong-Lite® Products Co. , Seneca, IL) at a rate of 5:1 
(v/v). The pH level of medium was adjusted to 6.0 by adding 2.5g limestone per liter of 
medium at least one week before use. 
Table 1. Specifications of Enersol® SC z, Y 
Active Ingredients: 
pH (20% solution) 
Moisture 
Typical Analysis 
Total Nitrogen (N) 
Available Phosphoric Acid (P205) 
Soluble Potash (K20) 
Magnesium (Mg) 
Total Sulfur (S) 
Boron (B) 
Iron (Fe) 
Manganese (Mn) 
Potassium (K) 
Oxygen (0) 
Titanium (Ti) 
Carbon (C) 
10 
85% min. as Potassium Humate 
65% min. as Humic acid 
9.0-10.0 
5%-10% 
1.00% 
0.02% 
13.47% 
0.50% 
1.68% 
0.02% 
1.15% 
0.02% 
8.50% 
25.00% 
0.02% 
42.00% 
2 Source: Technical Data Sheet from the manufacturer, American Colloid Company, Skokie, 
IL March 1995. 
Y The data of humic acid contents was obtained using The California Department of Food and 
Agriculture Test Method #HA4/JC. 
Table 2. The recipe of nutrient solution that supply equivalent mineral nutrient as humic acids 
Mineral salts 
NH4N03 
NH4H2P04 
KCl 
Ca(N03)2 
MgS04 
CaS04 
H3B03 
FeNaDTPA 
Concentrations (mg·1000mr ) 
50 
1.2 
230 
92 
56 
34 
1.2 
75.4 
MnCh 1.7 
For preparing solution equivalent to HA solutions at 1000 mg·r . 
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EVALUATION OF ROOT GROWTH OF SEEDLINGS GERMINATED 
IN HA-DRENCHED GERMINATION PAPER TOWELS 
Materials and Methods 
Two gennination paper towel systems were used to conduct screenings of different 
concentrations because they provided a quick and simplistic method for screening large 
numbers of treatments and species. These methods also allowed us to determine the effects of 
HA on root system architecture because all other methods required destructive root washing. 
The first system was used for cucumber, marigold, and geranium because of their 
relatively large seed size. Twenty-five ml of each solution was added to each germination 
paper towel. Five seed were placed along one side of each gennination paper towel 
approximately 1 ern from the top edge. The paper towels were rolled and placed in plastic 
bags and additional solution was added. Bags were placed upright in a growth chamber. The 
solutions used in this system included HA at 1,250, 2,500 and 5,000 mg-L- 1, their respective 
NC, and DI. Humic acid and NC solutions were prepared at pH levels of7 and 9. 
The second system was used for impatiens and pansy because of their relatively small 
seed size. Three pieces of paper towel were cut in half and placed in petri dishes. Three seed 
were placed along the straight edge of the paper towel approximately 0.5 em from the edge. 
The seed were covered with an additional three layers of paper towel. Ten ml of solution was 
added to the paper towels in each of the petri dishes. The petri dishes were partially sealed 
with parafilm® (American National Can Co., Greenwich, CT). The moisture level of paper 
towels was monitored every two days and solutions were added as necessary. The solutions 
used in the second system included HA at 200 and 400 mg· L-1, their respective NC, and DI. 
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Humic acids and NC were prepared at pH levels of7 and 9. 
The paper towels and petri dishes were placed upright in a growth chamber. The 
growth chamber was maintained at a constant temperature of22°C. A 12-hr photoperiod with 
an average light intensity of275 l-lmol·m·2·s·1 was maintained. After 7, 10, 15, 18 and 18 days 
for cucumber, marigold, geranium, impatiens and pansy, respectively, seedlings were 
removed from the paper towels or petri dishes. Taproot length, total root fresh weight and dry 
weight, the number of lateral roots and total lateral roots length were determined. One paper 
towel or one petri dish was considered a replication and each treatment was replicated 3 
times (blocked over time). An analysis of variance (ANOVA) and single-degree-of-freedom 
contrasts and LSD mean separation tests were conducted to determine ifHA significantly 
affected seedling root development. 
Results 
Cucumber germinated on paper towels drenched with 5,000 mg· L-1 HA at either pH 
had significantly higher root fresh weight than all other treatments including the DI and the 
5,000 mg· L-1 NC at pH of9 (Table 3). Highest root fresh weight occurred for the 5,000 
mg·L-1 HA at pH 9 treatment. Except for the 2,500 mg·L-1 NC at pH 7, root fresh weights of 
NC treatments were not significantly higher than the DI control. Root fresh weights of the 
2,500 mg·L-1 HA treatments, regardless of pH, were not significantly different from their 
respective NC control treatments . 
Cucumber germinated on paper towels drenched with 5,000 mg· L- 1 HA at pH 9 had 
significantly higher root dry weight than all other treatments including the DI and the 5,000 
mg· L-1 NC at pH of9 (Table 3). Highest root dry weight occurred for the 5,000 
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mg-L-1 HA at pH 9 treatment. There was no significant difference among root dry weights of 
NC treatments and DI control. Root dry weight of the 2,500 mg·L-1 HA treatment at pH 9 
was not significantly different from their respective NC control treatment. 
Except for the 2,500 mg· L-1 HA at pH 7, cucumber germinated on paper towels 
drenched with the rest three HA treatments had significantly higher taproot length than DI 
and their respective NC control treatments (Table 3). Highest taproot length occurred for the 
5,000 mg-L- 1 HA at pH 9 treatment. There was no significant difference among taproot length 
ofNC treatments and DI control. 
Except for the 2,500 mg·L-1 HA at pH 7, cucumber germinated on paper towels 
drenched with the rest three HA treatments had significantly higher lateral roots number than 
DI and their respective NC control treatments (Table 3). Highest lateral roots number 
occurred for the 5,000 mg·L-1 HA at pH 9 treatment. Significant difference was found on 
lateral roots number among NC and DI control. 
Except for the 2,500 mg-L- 1 HA at pH 7, cucumber germinated on paper towels 
drenched with the rest three HA treatments had significantly higher lateral roots length than 
DI and their respective NC control treatments (Table 3). Highest lateral root length occurred 
for the 5,000 mg·L-1 HA at pH 9 treatment. Significant difference was found on lateral roots 
length among NC and DI control. 
Geranium germinated on paper towels drenched with 1,250 mg-L-1 HA at either pH 
had significantly higher root fresh weight than all other treatments including the DI and their 
respective NC controls (Table 4). Highest root fresh weight occurred for the 1,250 
mg-L-1 HA at pH 9 treatment. Except for the 1,250 mg·L- 1 NC at pH 9, root fresh weights of 
NC treatments were significantly higher than the DI control. On the overall effects for root 
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fresh weight, HA treatments were significantly higher than NC and DI control treatments. 
Geranium germinated on paper towels drenched with 1,250 mg·L·1 HA at either pH 
had significantly higher root dry weight than DI treatments and their respective NC controls 
(Table 4). Highest root dry weight occurred for the 1,250 mg-L-1 HA at pH 9 treatment. The 
significant difference among root dry weights ofNC treatments and DI control was found. 
On the overall effects for root dry weight, HA treatments were significantly higher than NC 
and DI control treatments. 
Except for the 1,250 mg-L- 1 HA at pH 9, geranium germinated on paper towels 
drenched with the rest three HA treatments had no significantly higher taproot length than 
their respective NC control treatments (Table 4). Humic acids treatments were significantly 
higher than DI controls except for 2,500 mg·L-1 HA at pH 9. Highest taproot length occurred 
for the 1,250 mg-L- 1 HA at pH 9 treatment. There was no significant difference among the 
NC treatments and DI control. On the overall effects for taproot length, HA treatments were 
significantly higher than only DI control treatments. 
Geranium germinated on paper towels drenched with the 1,250 mg-L-1 HA at pH 9 
and 2,500 mg·L- 1 HA at pH 7 had significantly higher lateral roots number than DI and their 
respective NC control treatments (Table 4). Highest lateral roots number occurred for the 
2,500 mg-L-1 HA at pH 7 treatment. Significant difference was found on lateral roots number 
between NC and DI control. On the overall effects for lateral roots number , HA treatments 
were significantly higher than NC and DI control treatments. 
Geranium germinated on paper towels drenched with the 1,250 mg-L-1 HA at pH 9 
and 2,500 mg-L-1 HA at pH 7 had significantly higher lateral roots length than DI and their 
respective NC control treatments (Table 4). Highest lateral roots length occurred for the 
15 
1,250 mg·L-1 HA at pH 9 treatment. Significant difference was found on lateral roots length 
between NC and DI control. On the overall effects for lateral roots length, HA treatments 
were significantly higher than NC and DI control treatments. 
Except for the 1,250 mg-L-1 HA at pH 9, marigold germinated on paper towels 
drenched with the rest three treatments had significantly higher root fresh weight than all 
other treatments including the DI and their respective NC controls (Table 5). Highest root 
fresh weight occurred for the 2,500 mg-L- 1 HA at pH 7 treatment. Nutrient control treatments 
of 2,5 00 mg· L -1 at either pH were not significantly higher than the DI control on root fresh 
weights. On the overall effects for root fresh weight, HA treatments were significantly higher 
than NC and DI control treatments. 
Except for the 1,250 mg·L-1 HA at pH 7, marigold germinated on paper towels 
drenched with rest three treatments had significantly higher root dry weight than all other 
treatments including the DI and their respective NC controls (Table 5). Highest root fresh 
weight occurred for the 2,500 mg-L- 1 HA at pH 7 treatment. Nutrient control treatment of 
2,500 mg-L- 1 at either pH was not significantly higher than the DI control on root fresh 
weights. On the overall effects for root dry weight, HA treatments were significantly higher 
than NC and DI control treatments. 
Marigold germinated on paper towels drenched with all four HA treatments had 
significantly higher taproot length than their respective NC control treatments and DI control 
(Table 5). Highest taproot length occurred for the 2,500 mg-L-1 HA at pH 7 treatment. There 
was no significant difference between the NC treatments and DI control. On the overall 
effects for taproot length, HA treatments were significantly higher than NC and DI control 
treatments. 
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Except for the 1,250 mg-L-1 HA at pH 9, marigold germinated on paper towels 
drenched with rest three treatments had significantly higher lateral root number than all other 
treatments including the DI and their respective NC controls (Table 5). Highest lateral root 
number occurred for the 2,500 mg-L- 1 HA at pH 7 treatment. Nutrient control treatment of 
2,500 mg·L-1 at either pH was significantly lower while 1,250 mg-L-1 NC at pH 9 was 
significantly higher than the DI control on root dry weight. On the overall effects for root dry 
weight, HA treatments were significantly higher than NC and DI control treatments. 
Marigold germinated on paper towels drenched with all four HA treatments had 
significantly higher lateral root length than their respective NC control treatments and DI 
control (Table 5). Highest lateral root length occurred for the 2,500 mg·L-1 HA at pH 7 
treatment. There was no significant difference between the 2,500 mg-L- 1 NC at either pH 
treatment and DI control. On the overall effects for taproot length, HA treatments were 
significantly higher than NC and DI control treatments. 
Pansy germinated on paper towels drenched only with HA 200 mg-L-1 at pH 9 and 
HA 400 mg-L- 1 at pH 7 had significantly higher root fresh weight than their respective NC 
controls (Table 6). Highest root fresh weight occurred for the 200 mg·L-1 NC at pH 7 and 400 
mg-L- 1 HA at pH 9 treatments. Among NC treatments, 200 mg·L-1 at pH 7 and 400 mg·L-1 at 
pH 9 were significantly higher than the DI control on root fresh weight. On the overall 
effects for root fresh weight, HA treatments were significantly higher than DI control but not 
than NC treatments. Nutrient control was also significantly higher than DI control treatments. 
Except for the 200 mg-L- 1 HA at pH 7, pansy germinated on paper towels drenched 
with rest three HA treatments had no significant difference on root dry weight from their 
respective NC control treahnents (Table 6). Highest root dry weight occurred for the NC 200 
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mg-L- 1 at pH 7 treatment. Each NC and HA treatment was significantly higher than the DI 
control on root fresh weights. On the overall effects for root dry weight, HA treatments were 
significantly higher than and DI control but had no significant difference from NC 
treatments. 
Except for the 200 mg·L-1 HA at pH 7, pansy germinated on paper towels drenched 
with the rest three HA treatments had significantly higher taproot length than their respective 
NC control treatments and DI control (Table 6). Highest taproot length occurred for the 400 
mg-L-1 HA at pH 7 treatment. Except for the 200 mg·L-1 NC at pH 7, taproot lengths ofNC 
treatments were not significant higher than DI control. On the overall effects for taproot 
length, HA treatments were significantly higher than NC and DI control treatments and NC 
treatment is also significantly higher than DI control treatment. 
Except for the 200 mg·L-1 HA at pH 9, pansy germinated on paper towels drenched 
with rest three HA treatments had no significantly higher lateral root number than their 
respective NC controls (Table 6) . Highest lateral root number occurred for the 200 mg·L-1 
HA at pH 9 treatment. Among NC and HA treatments, only HA 200 mg-L- 1 at pH 9 was 
significantly higher the DI control on root fresh weights . On the overall effects for root dry 
weight, HA treatments were not found significantly higher either NC or DI control treatment. 
Except for the 400 mg·L-1 HA at pH 7, pansy germinated on paper towels ofHA 
treatments had no significantly higher lateral root length than their respective NC controls 
(Table 6). Highest lateral root length occurred for the 400 mg-L-1 HA at pH 7 treatment. 
Lateral root length of the 200 mg-L- 1 NC treatments, regardless pH, and all HA treatments, 
except for the 400 mg-L- 1 HA, were significantly higher than the DI control. On the overall 
effects for lateral root length, HA treatments were significantly higher than DI control but not 
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than NC treatments. 
Impatiens germinated on paper towels drenched with HA 200 mg·L-1 at pH 7 and HA 
400 mg-L- 1 at pH 9 had significantly higher root fresh weight than their respective NC 
controls (Table 7). Highest root fresh weight occurred for the 400 mg-L-1 HA at pH 9 
treatments. Among NC treatments, 400 mg·L-1 regardless pH, was significantly higher than 
the DI control on root fresh weight. On the overall effects for root fresh weight, HA 
treatments were significantly higher than NC and DI control treatments. Nutrient control was 
also significantly higher than DI control treatments. 
Impatiens germinated on paper towels of 200 mg-L-1 HA and 400 mg·L-1 HA at pH 7 
treatments had significant higher root dry weight than their respective NC controls (Table 7). 
Highest root fresh weight occurred for the HA 200 mg·L- 1 and HA 400 mg-L-1 at pH 7 
treatment. Either NC 400 mg-L- 1, regardless pH, and each HA treatment was significantly 
higher than the DI control on root dry weights. On the overall effects for root dry weight, HA 
treatments were significantly higher than NC and DI control treatments but there was no 
significance between NC and DI control treatments. 
Impatiens gem1inated on paper towels drenched with the 400 mg·L-1 HA, regardless 
pH, had significantly higher taproot length than their respective NC control treatments (Table 
7). Highest taproot length occurred for the 400 mg-L- 1 HA at pH 7 and DI control treatment. 
Either 400 mg·L-1 NC treatment was significantly lower on taproot length than DI control 
treatment. On the overall effects for taproot length, HA treatments were not significantly 
different from NC and DI control treatments and DI treatment was significantly higher than 
NC treatment. 
Except for the 400 mg-L- 1 HA at pH 7, impatiens germinated on paper towels 
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drenched with HA treatments had no significantly higher lateral root number than their 
respective NC controls (Table 7). Highest lateral root number occurred for the 400 mg-L-1 
HA at pH 7 treatment. Each NC and HA treatment was significantly higher the DI control on 
root lateral root number. On the overall effects for later root number, HA treatments were not 
found significantly higher than NC but significantly higher than DI control treatment. 
Except for the 400 mg·L-1 HA at pH 7, lateral root length of impatiens germinated on 
paper towels of HA treatments had no significantly higher lateral root number than their 
respective NC controls (Table 7). Highest lateral root length occurred for the 400 mg·L-1 HA 
at pH 7 treatment. Lateral root length of either 400 mg·L-1 NC treatments and each HA 
treatments, except for the 200 mg·L-1 HA at pH 7, was significantly higher than the DI 
control. On the overall effects for lateral root length, HA treatments were not significantly 
different from NC and DI control treatments and no significance was found between NC and 
DI treatment. 
In this experiment, we found pH level had different effects on various species. 
Cucumber and geranium grew better in pH 9 solutions while the optimal pH level for 
marigold was 7. It was interesting that not all species grew best under the suggested (by 
manufacturer) pH level, for instance, marigold. 
Table 3. Effects of humic acids on root growth of cucumber on germination towels. 
Solutions z 
Root fresh Root dry Taproot Lateral Lateral root 
weight (mg2 weight ~mg2 length ~mrn2 roots number length ~mm2 
DI 91 4.6 166 39 565 
NC2,500 @7 120 4.9 178 52 765 
NC2,500 @9 109 4.7 171 48 743 
NC5,000 @7 98 4.1 160 55 705 
NC5,000 @9 104 4.1 143 60 811 
HA2,500 @7 123 7.7 189 53 848 
HA2,500 @9 116 5.1 208 59 713 
HA5,000 @7 151 5.7 242 66 1191 
HA5,000 @9 206 8.7 259 74 1434 
Significance df 
Treatment 8 * * ** ** ** 
2,500NC vs. 2,500HA 7 1 NS ** NS NS NS 
2,500NC vs . 2,500HA 9 NS NS ** * *** 
5,000NC vs . 5,000HA 7 1 * * *** NS ** N 
5,000NC vs. 5,000HA 9 1 *** *** ** * ** 0 
HA vs. NC 1 ** ** ** * ** 
HA vs. DI 1 *** *** ** ** ** 
Divs. NC 1 ** NS NS * * 
LSD (a=0.05) 12 0.7 21 9 115 
DI denominates deionized water, NC denominates nutrient control, HA denominates humic acids. 
Numbers indicate mg·L-1. NS, • . ••. ····Nonsignificant or significant at P ::::;0.05, 0.01 , or 0.001, respectively. 
Table 4. Effects of humic acids on root growth of geranium on germination towels. 
Solutions z 
DI 
NC1 ,250 @7 
NC1,250 @9 
NC2,500 @7 
NC2,500 @9 
HA1 ,250 @7 
HA1 ,250 @9 
HA2,500 @7 
HA2,500 @9 
Significance df 
Root fresh Root dry Taproot 
weight (mg) weight (mg) length (mm) 
8.9 0.5 19.3 
10.1 0.8 22.5 
8.9 0.6 21.3 
10.8 0.7 27.3 
11.3 0.8 20.5 
12.6 0.9 24.2 
14.0 1.1 28.7 
11.4 0.7 28.0 
11.2 0.8 20.0 
Lateral 
roots number 
2.7 
1.9 
2.7 
3.7 
3.5 
2.1 
3.9 
5.8 
3.9 
Lateral root 
length (mm) 
3.2 
5.0 
5.0 
5.5 
9.7 
6.6 
18.7 
13.7 
8.6 
Treatment 8 * ** * * *** 
1,250NC vs. 1,250HA 7 1 * * NS NS NS 
1,250NC vs. 1,250HA 9 1 ** *** ** ** *** 
2,500NC vs. 2,500HA 7 1 NS NS NS ** ** 
2,500NC vs. 2,500HA 9 1 NS NS NS NS NS 
HA vs. NC 1 * * NS * * 
HA vs. D I 1 * * * * * * * * * * 
DI vs. NC 1 * ** NS * * 
LSD (o:=0.05) 0.9 0.1 3.1 0.6 1.4 
2 DI denominates deionized water, NC denominates nutrient control, HA denominates humic acids . Numbers indicate mg-L-1• 
NS, • , •• , • • •, Nonsignificant or significant at P s;0.05, 0.01 , or 0.001 , respectively. 
N 
Table 5. Effects of humic acids on root Browth of marigold on germination towels. 
Solutions z 
Root fresh Root dry Taproot Lateral Lateral root 
weight (mg) weight {mg2 length (mm1 roots number length {mm) 
DI 12.7 0.7 100 6.7 34 
NC1,250 @7 19.8 1.4 99 7.8 71 
NC1,250 @9 17.2 0.9 94 8.7 58 
NC2,500 @7 13.1 0.5 77 2.8 24 
NC2,500 @9 15.7 0.7 90 4.8 44 
HA1,250 @7 24.4 1.5 140 12.5 111 
HA1,250 @9 20.5 1.1 126 9.6 82 
HA2,500 @7 28.3 1.6 153 14.6 154 
HA2,500 @9 20.7 1.4 127 11.3 99 
Significance df 
Treatment 8 * * * ** ** 
1 ,250NC vs. 1 ,250HA 7 1 * NS ** ** ** 
1,250NC vs . L,250HA 9 1 NS * * NS * 
2,500NC vs. 2,500HA 7 ** *** *** *** *** N 
2,500NC vs. 2,500HA 9 I ** *** ** *** *** N 
HA vs. NC 1 * ** ** ** ** 
HA vs. 01 1 ** ** * *** *** 
DI vs. NC * * NS NS * 
LSD (a=0.05) 3.5 0.2 19 1.2 17 
2 DI denominates deionized water, NC denominates nutrient control, HA denominates humic acids. Numbers indicate mg-L·1• 
NS, *, ••, ***,Nonsignificant or significant at P :S:0.05, 0.01, or 0.001, respectively. 
Table 6. Effects ofhumic acids on root growth of pansy on germination towels. 
Solutions 2 
DI 
NC200 @7 
NC200 @9 
NC400 @7 
NC400 @9 
HA200 @7 
HA200 @9 
HA400 @7 
HA400 @9 
Significance df 
Root fresh Root dry Taproot 
weight (mg) weight (mg) length (mm) 
3.5 0.3 45 
6.1 0.9 61 
4.2 0.5 49 
4.5 0.7 47 
5.2 0.6 51 
5.8 0.5 59 
6.0 0.6 62 
6.0 0.7 67 
6.1 0.7 66 
Lateral 
roots number 
3.2 
3.4 
3.6 
3.4 
3.7 
3.3 
4.9 
3.8 
3.5 
Lateral root 
length (mm) 
29 
42 
34 
19 
27 
37 
34 
39 
28 
Treatment 8 * * * NS NS 
200NC vs. 200HA 7 1 NS * NS NS NS 
200NC vs. 200HA 9 1 * NS * * NS 
400NC vs. 400HA 7 1 * NS ** NS ** 
400NC vs. 400HA 9 1 NS NS * NS NS 
HA vs. NC 1 NS NS * NS NS 
HA vs . DI 1 * ** ** NS * 
DI vs. NC 1 * ** * NS * 
LSD (a=0.05) 1.0 0.2 8 0.5 6 
2 DI denominates deionized water, NC denominates nutrient control, HA denominates humic acids. Numbers indicate mg·L-1. 
NS, *, **, *** , Nonsignificant or significant at P ~0 . 05 , 0.01 , or 0.001, respectively. 
N 
w 
Table 7. Effects of humic acids on root growth of imEatiens on germination towels. 
Solutions z 
Root fresh Root dry Taproot Lateral Lateral root 
weight (mg) weight (mg2 length (mm2 roots number length {mm) 
DI 5.8 0.5 18 4.5 64 
NC200 @7 6.7 0.5 17 5.7 67 
NC200 @9 6.4 0.5 16 6.5 70 
NC400 @7 7.6 0.6 13 6.8 83 
NC400 @9 7.8 0.6 12 6.2 82 
HA200 @7 8.3 0.7 18 5.8 67 
HA200 @9 7.1 0.6 14 6.7 75 
HA400 @7 8.5 0.7 17 7.7 91 
HA400 @9 9.1 0.6 16 7.0 82 
Significance df 
Treatment 8 * NS NS * NS 
200NC vs. 200HA 7 1 * * NS NS NS 
200NC vs. 200HA 9 1 NS NS NS NS NS 
400NC vs. 400HA 7 1 NS * * * * N 
400NC vs. 400HA 9 1 * NS * NS NS 
.1:>-
HA vs. NC 1 * * NS NS NS 
HA vs . DI 1 ** * NS * NS 
DI vs. NC * NS * ** NS 
LSD ( a=0.05) 1.1 0.1 4 0.9 7 
DI denominates deionized water, NC denominates nutrient control, HA denominates humic acids. Numbers indicate mg-L-1. 
NS, *, **, ***, Nonsignificant or significant at P :s;Q.05, 0.01 , or 0.001, not available, respectively 
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Discussion 
Cucumber, geranium and marigold seedlings' germinated of on towels soaked with 
HA had significantly higher root fresh weights, root dry weights, taproot lengths and lateral 
root numbers than those germinated on towels soaked with NC and DI. These results are 
consistent with those reported by David et al. (1994), Malik and Azam (1985) Sanders et al. 
(1990), Tan and Nopamornbodi (1979), Vaughan and Linehan (1976), O'Donnell (1973), and 
Sladky (1959), who found HA increased root fresh weights, dry weights, root lengths and 
root numbers on corn (Zea mays L.), sugar beet (Beta vulgaris L.), tomato (Lycopersicon 
esculentum), geranium (Pelargonium hortorum), pepper (Capsicum annuum L.), 
respectively. NC treatments did not result in an increase in root fresh weight. This is 
consistent with the conclusions ofHartwigsen and Evans (2000) and Sanders et al. (1990) 
that the mechanism by which HA increased root fresh weights was not by nutrient supplying 
alone. 
Species had different optimal concentrations and larger seeded-species responded to 
higher HA concentrations. This may have occurred because the larger seed have a relatively 
smaller seed surface to volume ratio. Therefore, the larger seed may not be as efficient at 
absorbing the HA as the smaller seed; consequently larger seed need higher HA 
concentrations to gain a significant response. 
Marigold had higher root fresh weights and root dry weights when grown on towels 
soaked with HA solutions @ pH 7 than pH 9, which is recommended by the manufacturer of 
Enersol®. It is generally believed that damage to the plants at the high pH starts above about 
pH 9 and marigold is considered an acid-loving species (Handreck, 1984). It is possible that 
pH 9 was too unfavorable for its grow environment. The unfavorable effect caused by the 
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high pH level might have negated the beneficial effects from HA to this species. 
Significant differences were not found between HA, NC and DI treatments on pansy 
and impatiens. This could be because the germination towel environment was not suitable for 
these species. The soaked multi-layer germinate paper towel in petri dishes possibly 
subjected excessive pressure on these small seed or prevented the seed from receiving 
sufficient 0 2 . Numerous researchers (David et al. , 1994, Sanders et al., 1990, Vaughan and 
Linehan, 1976, and Sladky, 1959) that reported positive effects ofHA were conducted by 
combining HA with nutrient solution or substrate rather than applying HA alone to plants. 
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EVALUATION OF ROOT GROWTH OF SEEDLINGS GERMINATED 
IN HA-DRENCHED SUBSTRATE 
Materials and Methods 
Plug trays with 20 cells (each with a 15-ml volume) were filled with root substrate 
composed of peat and vermiculite and amend with limestone as described previously. After 
seed were sown, each cell was drenched with 5ml of treatment solution. Concentrations of 
5,000, 2,500, 1,250, 200, 400 mg·L·' were used for cucumber, marigold, geranium, impatiens, 
and pansy, respectively. These HA solution were selected because they resulted in the highest 
response in the germination towel experiment. Deionized water (DI) and a corresponding 
nutrient control (NC) were included. The trays were placed in a growth chamber under the 
same environmental conditions as described for the germination towel experiment. Trays were 
misted three times daily with DI to maintain a moist root substrate. After 14, 18, 18, 24, and 
28 d for cucumber, marigold, geranium, impatiens, and pansy, respectively, plant height, shoot 
fresh weight and dry weight were collected. Seedling roots were carefully washed free of the 
root medium and fresh and dry weight of root and shoot were determined. Other root 
parameters were not determined in this experiment because root washing inevitably caused 
damage to the root system. One plug tray was considered a replication and each treatment was 
replicated 3 times (blocked over time). Statistical analysis was as described for the 
germination towel experiment. 
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Results 
Root fresh weight of cucumber ranged from 183 mg for DI to 305 mg for 5,000 mg-L-
1 HA. Regardless of concentration, each HA treatment of cucumber seedlings germinated in 
substrate had significantly higher root fresh weights than their respective NC and DI control 
treatments. Overall significant difference in root fresh weight occurred between HA and NC, 
HA and DI, and NC and DI treatment. Shoot fresh weights for cucumber ranged from 372 
mg for 5,000 mg·L-1 NC to 535 mg for 5,000 mg· L-1 HA. Regardless of concentration, all 
cucumber seedlings of HA treatments had significantly higher shoot fresh weights than their 
respective NC and DI control treatments. Overall significant difference in shoot fresh weight 
occurred between HA and NC, and HA and DI treatment. Plant height ranged from 51 mm 
for DI treatment to 74 mm for 5,000 mg· L-1 HA. Except for 1,250 mg·L-1 HA, each HA 
treatment was found significantly higher than their respective NC treatment and DI control 
treatment. Overall significant difference in plant height occurred only between HA and NC, 
and HA and DI (Table 8). 
Root fresh weight of geranium ranged from 17 mg for DI to 36 mg for 1,250 mg-L- 1 
HA. Except for 5,000 mg·L-1 HA, each HA treatment of substrate germinated geranium 
seedling was found significantly higher than their respective NC and DI control treatment on 
root fresh weights. Overall significant difference in root fresh weight occurred between HA 
and NC, HA and DI, and NC and DI treatment. Shoot fresh weights for cucumber ranged 
from 55 mg for DI to 82 mg for 1,250 mg· L- 1 HA. Except for 5,000 mg-L-1 HA, each HA 
treatment of substrate germinated geranium seedling was found significantly higher than 
their respective NC and DI control treatment on shoot fresh weights. Overall significant 
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difference in shoot fresh weight occurred between HA and NC, HA and DI, and NC and DI 
treatment. Plant height ranged from 19 mm for 5,000 mg·L-1 NC to 26 mm for 1,250 mg· L-1 
HA. Except for 5,000 mg-L-1 HA, each HA treatment was found not significantly different 
from their respective NC treatment but each HA treatment was significantly higher than DI 
control treatment. Overall significant difference in plant height occurred only between HA 
and DI (Table 9). 
Root fresh weight of marigold ranged from 21 mg for DI to 41 mg for 2,500 mg·L-1 
HA. Except for 5,000 mg-L- 1 HA, each HA treatment of substrate germinated marigold 
seedling was found significantly higher than their respective NC and DI control treatment on 
root fresh weights . Overall significant difference in root fresh weight occurred between HA 
and NC, and HA and DI treatment. Shoot fresh weight ranged from 48 mg for DI to 67 mg 
for 2,500 mg·L-1HA. Except for 1,250 mg-L-1 HA, each HA treatment of marigold was found 
significantly higher than their respective NC and DI control treatment on shoot fresh weights. 
Overall significant difference in shoot fresh weight occurred between HA and NC, and HA 
and DI treatment. Plant height ranged from 33 mm for DI to 38 mm for 2,500 mg·L-1 HA. No 
significant difference was found on plant height among HA, NC and DI control treatment 
(Table 10). 
Root fresh weight of pansy ranged from 7.8 mg for DI to 12.5 mg for 200 mg-L-1 HA 
treatment. Regardless of concentration, each HA treatment of pansy seedlings germinated in 
substrate had significantly higher root fresh weights than their respective NC and DI control 
treatments. Overall significant difference in root fresh weight occurred between HA and NC, 
HA and DI, and NC and DI treatment. Shoot fresh weight for pansy ranged from 29 mg for 
DI to 40 mg for 200 mg·L-1 HA. Among three HA treatments, only the 200 mg-L-1 was 
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significantly higher than its respective NC treatment on shoot fresh weight while each HA 
treatment was higher than DI control treatment, except for 800 mg-L-1 HA. Overall 
significant difference in shoot fresh weight occurred between HA and DI. Plant height ranged 
from 22 mm for DI to 28 mm for 400 mg-L- 1 HA. Among three HA treatments, only the 800 
mg-L-1 was significantly higher than its respective NC treatment on plant height while each 
HA treatment was higher than DI control treatment. Overall significant difference in plant 
height did not occurred between HA and NC (Table 11). 
Root fresh weight of impatiens ranged from 8.6 mg for DI to 13.1 mg for 400 mg·L-1 
HA. Regardless of concentration, each HA treatment of impatiens seedlings germinated in 
drenched substrate had significantly higher root fresh weights than their respective NC and 
DI control treatments. Overall significant difference in root fresh weight occurred between 
HA and NC, HA and DI, and NC and DI treatment. Except for 200 mg·L-1 HA, HA 
treatments Shoot fresh weight for cucumber ranged from 20 mg for DI to 37 mg for 400 
mg·L-1. Except for 200 mg·L-1 HA, each HA treatments was not significantly higher than 
their respective NC treatment while each HA treatment was significantly higher than DI 
control treatment. Overall significant difference in shoot fresh weight occurred between HA 
and DI, and NC and DI treatment. Plant height ranged from 23 mrn for DI to 28 for 400 
mg-L-1 HA. None of the HA treatments was significantly higher than their NC control 
treatment while each ofHA treatment was significantly higher than DI control treatment. 
Overall significant difference in plant height occurred between HA and DI, and NC and DI 
treatment (Table 12). 
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Table 8. Effects of humic acid substrate drenches on cucumber growth. 
Solutions z 
DI 
NC 1,250 
NC 2,500 
NC 5,000 
HA 1,250 
HA2,500 
HA 5,000 
Significance df 
Root fresh weight Shoot fresh weight 
(mg) (mg) 
183 390 
226 425 
247 446 
201 372 
255 488 
286 510 
305 535 
Plant height 
(mm) 
51-
59 
62 
55 
62 
69 
74 
Treatment 6 ** * * 
1,250NC vs. 1,250HA 1 * * NS 
2,500NC vs. 2,500HA 1 * * * 
5,000NC vs. 5,000HA 1 *** ** *** 
HA vs. NC 1 ** * * 
HA vs. DI 1 *** ** ** 
DI vs. NC 1 * NS NS 
LSD (a=0.05) 26 62 5 
z DI denominates deionized water, NC denominates nutrient control solutions, HA 
denominates humic acids, respectively. 
NS, *, **, ***, nonsignificant or significant at P ::::0.05, 0.01, or 0.001, respectively. 
32 
Table 9. Effects of humic acid substrate drenches on geranium growth. 
Solutions z 
DI 
NC 1,250 
NC 2,500 
NC 5,000 
HA 1,250 
HA2,500 
HA 5,000 
Significance df 
Treatment 6 
1,250NC vs. 1,250HA 1 
2,500NC vs. 2,500HA 1 
5,000NC vs. 5,000HA 1 
HA vs. NC 1 
Root fresh weight 
(mg) 
17 
26 
27 
25 
36 
31 
29 
** 
** 
* 
NS 
** 
Shoot fresh weight 
(mg) 
55 
71 
69 
62 
82 
76 
68 
* 
* 
* 
NS 
* 
Plant height 
(mm) 
21 
23 
22 
19 
26 
25 
25 
NS 
NS 
NS 
* 
NS 
HA vs. DI 1 *** ** * 
DI vs. NC 1 ** * NS 
LSD (a=0.05) 5 7 4 
2 DI denominates deionized water, NC denominates nutrient control solutions, HA 
denominates humic acids. 
Ns, *, **, *** , Nonsignificant or significant at P ::;;0 .05, 0.01 , or 0.001, respectively. 
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Table 10. Effects of humic acid substrate drenches on marigold growth. 
Solutions z 
DI 
NC 1,250 
NC 2,500 
NC 5,000 
HA 1,250 
HA2,500 
HA 5,000 
Significance df 
Root fresh weight Shoot fresh weight 
(mg) (mg) 
21 48 
23 53 
27 56 
26 50 
32 57 
41 67 
29 60 
Plant height 
(rnrn) 
33 
34-
36 
34 
35 
38 
36 
Treatment 6 * * NS 
1,250NC vs. 1,250HA 1 ** NS NS 
2,500NC vs. 2,500HA 1 ** * NS 
5,000NC vs. 5,000HA 1 NS * NS 
HA vs. NC 1 * * NS 
HA vs. DI 1 ** ** NS 
DI vs. NC 1 NS NS NS 
LSD (a=0.05) 4 6 4 
2 DI denominates deionized water, NC denominates nutrient control solutions, HA 
denominates humic acids. 
NS, •, ••, •••, Nonsignificant or significant at P ~0.05, 0.01, or 0.001, respectively. 
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Table 11. Effects of humic acid substrate drenches on pansy growth. 
Solutions z 
DI 
NC200 
NC400 
NC800 
HA200 
HA400 
HA800 
Significance df 
Root fresh weight Shoot fresh weight 
(mg) (mg) 
7.8 29 
9.4 31 
9.8 37 
8.2 32 
12.5 40 
11.5 38 
10.6 33 
Plant height 
(mm) 
22 
-26 
27 
22 
26 
28 
26 
Treatment 6 * NS NS 
200NC vs. 200HA 1 ** * NS 
400NC vs. 400HA 1 * NS NS 
800NC vs. 800HA 1 * NS * 
HA vs. NC 1 * NS NS 
HA vs . DI 1 ** * * 
DI vs. NC 1 NS NS * 
LSD (a=0.05) 2 6 3 
2 DI denominates deionized water, NC denominates nutrient control solutions, HA 
denominates humic acids. 
NS, *, **, ***, Nonsignificant or significant at P ~0.05, 0.01 , or 0.001, respectively. 
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Table 12. Effects of humic acid substrate drenches on impatiens growth. 
Solutions z 
DI 
NC200 
NC400 
NC800 
HA200 
HA400 
HA800 
Significance df 
Root fresh weight Shoot fresh weight 
(mg) (mg) 
8.6 20 
8.5 28 
9.1 34 
9.8 33 
10.6 33 
13.1 37 
12.0 36 
Plant height 
(mm) 
23 
-26 
27 
26 
25 
28 
26 
Treatment 6 * * NS 
200NC vs. 200HA 1 * * NS 
400NC vs. 400HA 1 ** NS NS 
800NC vs. 800HA 1 * NS NS 
HA vs. NC 1 ** NS NS 
HA vs. DI 1 ** ** * 
DI vs. NC 1 NS * * 
LSD (a=0.05) 1.7 4 3 
2 DI denominates deionized water, NC denominates nutrient control solutions, HA 
denominates humic acids. 
Ns, *, **, ***, nonsignificant or significant at P :::;0.05, 0.01 , or 0.001, respectively. 
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Discussion 
Root fresh weights were significantly increased by HA in all species while shoot 
fresh weights were increased significantly in cucumber, geranium, and marigold. Humic acid 
treatment significantly increased the plant height of cucumber and geranium. These results 
are consistent with those of David et al. (1994), Sanders et al. ( 1990), Malik and Azam 
(1985), Tan and Tantiwiramanond (1983), Vaughan and Linehan (1976), and Tan and 
Nopamombodi (1979), Vaughan and Linehan (1976), O'Donnell (1973), and Sladky (1965), 
who reported HA increased root weight on corn (Zea mays L.), soybean (Glycine max L.), 
peanuts (Arachis hypogea L.), and sugar beet (Beta vulgaris L.), respectively. The fact that 
root fresh weight were significantly higher for HA treatments than the treatments ofNC, 
which supplied the equivalent mineral contents, confirmed the conclusion that the mode of 
HA function is not nutrient supplying alone (Hartwigsen and Evans, 2000, and Sanders et al. 
1990). 
Among species tested, cucumber was the most responsively promoted species for all 
parameters; geranium and marigold were moderately responsive; and pansy and impatiens 
were the least responsive. The difference in species might be due to vigor level. A more 
vigorously growing species may be more readily able to respond to the HA treatment. 
Species may also have different stages at which they are responsive to HA. Therefore, given 
a relatively short experimental cycle, impatiens and pansy may have yet to enter their most 
responsive stage. 
Impatiens and pansy, which were not significantly affected by HA when germinated 
on germination towels, was responsive to HA in this experiment. This supports our 
conclusion that gem1ination towels in petri dishes were not a favorable environment for these 
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two species and that HA can stimulate the root growth of impatiens and pansy only by 
combining with soil substrate. Except for the change of physical environment (i.e., pressure 
and aeration), HA might also activate some substrate nutrients supply that are critical to the 
root growth and development for these two species. 
Humic acids had diverse effects on shoot fresh weight and plant height for the 
experimental species. Cucumber and geranium shoot weights were significantly higher when 
treated by HA than by NC. This is consistent with the reports by Lee and Bartlett (1976) and 
Sladky and Tichy ( 1959), who found increases in shoot fresh and dry mass in tomato plants 
and com seedlings growing in liquid media supplemented with humic acids solutions. 
Marigold, impatiens, and pansy's shoots weight were not significant increased by HA 
treatment. This may be because the optimum concentrations of root growth and shoot growth 
are not overlapped. Also, the reason for this might be it needs a specific time for the plant to 
transport nutrients to upper part of the plants and take effects. Given the relative short growth 
circle, it may be hard to observe the response for some species. 
There was more significant effect happened on root than shoot of experiment species. 
This difference is consistent with the hypothesis stated by Sladky (1959) that "humic 
substances appear to have greater effect on roots than on the aboveground parts of plants". 
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EVALUATION OF THE EFFECTS OF FOLIAR SPRAYS OF HA ON 
SEEDLINGS DEVELOPING ON GERMINATION TOWELS 
Materials and Methods 
Cucumber, marigold, and geranium were used as test species in this experiment. 
Except where indicated, the experimental protocols were the same as described for the 
germination towel experiment. Based on the results reported by Sladky (1959) and Sladky and 
Tichy (1959), seedlings were treated with foliar sprays of 100, 200, 400 mg-L-1 ofHA, NC 
and deionized water as soon as the seedlings' cotyledons expanded. Foliar sprays were 
conducted at 12-hour intervals using hand-held sprayers. The culture duration were 10, 14, 
and 16 d for cucumber, marigold, geranium, respectively. Root fresh weight, dry weight, 
taproot length and plant height were determined. Each towel was considered a replication and 
statistical design and analysis were as previously described. 
Results 
Root fresh weight of cucumber ranged from 91 mg for DI treatment to 150 mg for 
400 mg· L- 1 HA (Table 13). Root fresh weight of cucumber seedling sprayed with 200 and 
400 mg·L-1 HA were significantly higher than their respective NC foliar sprays. For the 
overall effects on root fresh weight, significant difference occurred for between HA and NC, 
HA and DI, and NC and DI. Shoot fresh weights ranged from 283 mg for DI to 449 mg for 
400 mg· L- 1 HA. Shoot fresh weights of cucumber seedling sprayed with 200 and 400 mg·L-1 
HA were significantly higher than their respective NC foliar sprays. For the overall effects on 
shoot fresh weight, significant difference occurred for between HA and NC, HA and DI, and 
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NC and DI. Plant height of cucumber ranged from 48 mm for DI to 66 mm for 400 mg·L·1 
HA. Plant heights of cucumber seedling sprayed with 100 and 400 mg-L-1 HA were 
significantly higher than their respective NC foliar sprays. For the overall effects on plant 
height, significant difference occurred for between HA and NC, and between HA and DI. 
Root fresh weight of geranium ranged from 8.9 mg for DI treatment to 14.3 mg for 
400 mg· L-1 HA (Table 14). Root fresh weights of geranium seedlings sprayed HA, regardless 
concentration, were significantly higher than their respective NC foliar sprays and DI control 
treatments. For the overall effects on root fresh weight, significant difference occurred for 
between HA and NC, HA and DI, but not between NC and DI control treatments. Shoot fresh 
weight ranged from 56 mg for DI to 81 mg for 400 mg·L- 1 HA. Shoot fresh weights of 
geranium seedlings sprayed with 200 and 400 mg·L-1 HA were significantly higher than their 
respective NC foliar sprays and DI control treatment. For the overall effects on shoot fresh 
weight, significant difference occurred for between HA and NC, HA and DI, and NC and DI. 
Plant height of geranium ranged from 31 mm for DI to 36 mm for 200 and 400 mg-L-1 HA. 
Plant heights of geranium seedling sprayed with 100 and 400 mg-L-1 HA were not 
significantly different from their respective NC foliar sprays. For the overall effects on plant 
height, there was no significant difference occurred for between HA and NC, HA and DI, and 
NC and DI. 
Root fresh weight of marigold ranged from 15 mg for DI treatment to 26 mg for 400 
mg-L-1 HA (Table 15). Root fresh weights of marigold seedlings sprayed with 200 and 400 
mg-L- 1 HA were significantly higher than their respective NC foliar sprays and DI control 
treatment. For the overall effects on root fresh weight, significant difference occurred for 
between HA and NC, HA and DI, but not between NC and DI. Shoot fresh weight ranged 
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from 53 mg for DI to 69 mg for 200 mg· L-1 HA. Shoot fresh weights of marigold seedling 
sprayed with 100 and 200 mg·L-1 HA were significantly higher than their respective NC 
foliar sprays while each HA treatment was significantly higher than DI control treatment. 
Interestingly, the concentration of 400 mg-L-1 HA, that had significant effect on root fresh 
weight, otherwise had no significant difference from its respective NC treatment on shoot 
fresh weight. For the overall effects on shoot fresh weight, significant difference occurred for 
between HA and NC, HA and DI, but not between NC and DI. Plant height of marigold 
ranged from 34 mm for DI to 44 mm for 200 mg·L-1 HA. Plant heights of marigold seedlings 
sprayed with 100 mg·L-1 HA were significantly higher than its respective NC foliar sprays. 
For the overall effects on plant height, significant difference only occurred for between HA 
and DI. We found, unlike other species, the optimal treatment ofHA for shoot weight and 
plant height was distinct to the optimal HA treatment for fresh root weight. 
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Table 13. Effects of humic acid foliar sprays on cucumber growth. 
Solutions z 
Root fresh weight 
(mg) 
Shoot fresh weight 
(mg) 
Plant height 
(mrn) 
DI 
NC100 
NC200 
NC400 
HA100 
HA200 
HA400 
Significance df 
91 
97 
112 
128 
106 
132 
150 
283 
306 
358 
344 
335 
397 
449 
48 
-53 
58 
56 
62 
64 
66 
Treatment 6 * * * 
NC100 vs. HA100 1 NS NS * 
NC200 vs. HA200 1 * * NS 
NC400 vs. HA400 1 * ** * 
HA vs. NC 1 * * * 
HA vs. DI 1 ** ** * 
DI vs . NC 1 * * NS 
LSD (a=0.05) 18 39 9 
2 DI denominates deionized water, NC denominates nutrient control solutions, HA 
denominates humic acids. 
NS, *, ** , ***, Nonsignificant or significant at P :S:0.05, 0.01, or 0.001, respectively. 
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Table 14. Effects of humic acid foliar sprays on geranium growth. 
Solutions z Root fresh weight Shoot fresh weight 
(mg) (mg) 
DI 
NClOO 
NC200 
NC400 
HA100 
HA200 
HA400 
Significance df 
8.9 56 
9.5 60 
10.6 67 
10.8 67 
12.5 66 
13.4 77 
14.3 81 
Plant height 
(mm) 
31 
- 33 
32 
34 
35 
36 
36 
Treatment 6 * * NS 
NC100 vs . HAlOO 1 * NS NS 
NC200 vs. HA200 1 * * NS 
NC400 vs. HA400 1 ** * NS 
HA vs. NC 1 * * NS 
HA vs. DI 1 ** ** NS 
DI vs. NC 1 NS * NS 
LSD (a=0.05) 1.8 8 5 
2 DI denominates deionized water, NC denominates nutrient control solutions, HA 
denominates humic acids. 
Ns, *, **, ***, Nonsignificant or significant at P ::;0.05, 0.01 , or 0.001 , respectively. 
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Table 15. Effects of humic acid foliar sprays on marigold growth. 
Solutions z Root fresh weight Shoot fresh weight 
(mg) (mg) 
DI 
NC100 
NC200 
NC400 
HA100 
HA200 
HA400 
Significance df 
15 53 
16 55 
18 57 
18 57 
19 65 
22 69 
26 65 
Plant height 
(mm) 
36 
- 34 
39 
43 
42 
44 
43 
Treatment 6 * * NS 
NC100 vs. HA100 1 NS * * 
NC200 vs. HA200 1 * * NS 
NC400 vs. HA400 1 * NS NS 
HA vs. NC 1 * * NS 
HA vs. DI 1 ** * * 
DI vs. NC 1 NS NS NS 
LSD (a=0.05) 3.6 9 7 
2 DI denominates deionized water, NC denominates nutrient control solutions, HA 
denominates humic acids. 
Ns, •, ••, •••. Nonsignificant or significant at P ::;0.05, 0.01 , or 0.001 , respectively. 
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Discussion 
For all species tested, root fresh weight was significantly higher for seedlings receiving 
HA foliar sprays than for seedlings sprayed with NC or DI treatment. These results are 
consistent with those reported by Sladky (1959, 1965), who reported root growth promotion 
on begonia grown in nutrient solutions and sugar beet grown in distilled water after HA foliar 
spray applications. Shoot fresh weights of all three species were significantly increased by the 
HA foliar sprays. These results are similar to those reported by Sladky and Tichy (1959), 
Sladky (1959, 1965), who foliar applied HA and fulvic acids to begonia (Begonia 
semperjlorens L.) and sugar beet (Beta vulgaris L.). Brown et al. (1987) also reported positive 
responses on cotton (Gossypium hirsutum L.) and grape vines (Vitis vinifera) by foliar 
spraying two extractant also from leonardite. However, we also found even cucumber, the 
most responsive species in the two previous experiments, was not as significantly promoted as 
it was in the first two experiments. This result might be leaded by that HA solutions were 
directly applied to foliage rather than rhizome region. The HA applied to plant leaves may not 
have been translocated to the roots and taken effects because HA could have been hold or 
absorbed by the green part of the plants. Another possible reason is the optimum concentration 
for the growth of cucumber seedlings was far higher than the concentration we were applying 
to foliage. The HA solutions dropped from the leaves to the germination towel was inadequate 
to take effects. 
Humic acids foliar spray only had significant effect on plant height for cucumber while 
no significant effect on geranium and marigold. HA does have stimulating effects on the 
overall growth of the green portion of the species. However, the significance were not 
comparable with those on root growth when HA solutions directly applied on rhizosphere. 
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This is consistent with the opinion by Chen and Aviad (1990), "the effects of humic 
substances are often more prominent on roots than on shoots". 
Based on the first three experiments, it can be deducted that foliage and rhizome have 
their respective distinct optimum concentration for HA. Therefore, it is expected those the 
optimum HA concentration for root growth and shoot growth do not overlap; seedlings can 
achieve their overall optimal growth outcome by combining treatment to rhizome and 
treatment to foliage with various concentrations of HA. One study by Brown et al. ( 1987) may 
support this hypothesis. He obtained the most pronounced effect on various field crops by 
using a combination of early season soil treatment with a post-emergence foLiar spray. 
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EVALUATION OF GROWTH STAGES ON EFFECT OF HA TO THE 
SEEDLINGS GERMINATED IN TOWELS 
Materials and Methods 
Except where indicated, the experimental protocols were the same as described 
for the germination towel experiment. The optimum concentrations of HA for the tested species 
(i.e. 5,000, 2,500, 1,250 mg-L-1 for cucumber, marigold, geranium, respectively), which were 
determined in the first experiment, were used in this experiment. The species were applied HA 
solutions starting from 4 growth stages (Table 16). The germination towels for stage 1 were 
pre-soaked with the HA solutions while other towels for the stage 2, 3, 4 were pre-soaked with 
DI. After placing the seed, towels were moved to the growth chamber and HA solutions were 
added at respective growth stages sequentially as outlined in Table 16. Two controls included 
NC treatments according to their respective HA application stages and one DI treatment from 
beginning. To avoid the inaccuracy of the solutions concentration leaded by the presoaked DI, 
when applying solutions, after removing the remaining water in the bags, the towels were 
rinsed repeatedly 3 times with the respective HA solutions until the solution concentration on 
the towel can be considered reached the expected level satisfyingly. Root fresh weight, dry 
weight, and taproot length were determined. A paper towel constituted a replication and other 
statistical design and analysis were the same as previously described. 
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Table 16. Timing periods of HA application 
Stage 1 Stage 2 
Cucumber At sowing 2DASZ 
Marigold At sowing 3 DAS 
Geranium At sowing 3DAS 
2 DAS denominates days after sowing. 
Results 
Stage 3 
4DAS; 
emergence of 
cotyledon 
6DAS; 
emergence of 
cotyledon 
6DAS; 
emergence of 
cotyledon 
Stage 4 
6DAS 
9DAS 
9DAS 
Root fresh weights of cucumber ranged from 83 mg for Dl treatment to 125 mg for 
HA treated from stage 1 (Table 17). Cucumber root fresh weights were significantly higher 
than their respective NC treatments and DI treatments when HA was applied at stage 1, 2 or 
3. Cucumber root dry weights ranged from 4.2 mg for DI treatment to 7.0 mg for HA treated 
at stage 1 and 2 (Table 17). Root dry weights of cucumber treated with HA, regardless of 
stage, were significantly higher than their respective NC control and DI treatments. 
Cucumber taproot length ranged from 140 mm for stage 4 treatment ofNC and DI to 191 
mm for those treated with HA at stage 1. Cucumber taproot lengths treated with HA at stage 
1 and 2 were significantly higher than their respective NC treatments and the first three 
stages of HA treatments were significantly higher than the DI treatment. As HA application 
was delayed, root fresh weight, root dry weight, and taproot length of cucumber declined. 
Root fresh weights of geranium ranged from 7.6 mg for NC treatment from stage 4 
stage to 12.5 mg for HA treated from stage 1 (Table 18). Geranium root fresh weights were 
significantly higher than their respective NC treatments and DI treatments when HA was 
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applied at stage 1 or 2. Geranium root dry weights ranged from 0.6 mg for DI treatment to 
1.2 mg for HA treated at stage 1. Except for the HA treatment from stage 4, geranium root 
dry weights treated with HA were significantly higher than their respective NC treatments 
and DI treatments. Geranium taproot length ranged from 17 mm for DI treatment to 27 mm 
for those treated with HA at stage 1. Geranium taproot lengths treated with HA at stage 1 and 
2 were significantly higher than their respective NC treatments and the first three stages of 
HA treatments were significantly higher than DI treatment. Similar to cucumber, as HA 
application was delayed, root fresh weight, root dry weight, and taproot length of geranium 
declined. 
Root fresh weights of marigold ranged from 15.8 mg for DI treatment to 26.1 mg for 
HA treatment from stage 1 (Table 19). Marigold root fresh weights were significantly higher 
than their respective NC treatment and DI treatment when HA was applied at stage 1 and 2. 
Marigold root dry weights ranged from 1.1 mg for DI treatment to 1.9 mg for HA treated at 
stage 1. Except for the HA treatment from stage 4, marigold root dry weights treated with 
HA were significantly higher than their respective NC treatment and each HA treatment was 
significantly higher than DI treatment. Marigold taproot length ranged from 91 mm for DI 
treatment to 133 mm for those treated with HA at stage 1. Marigold taproot lengths treated 
with HA at stage 1 and 2 were significantly higher than their respective NC treatment and the 
first three stages of HA treatments were significantly higher than DI treatment. As HA 
application was delayed , root fresh weight, root dry weight, and taproot length of marigold 
declined. 
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Table 17. Effects of HA application time on root growth of cucumber. 
Apply time Root fresh weight Root dry weight 
(DAS z) (mg) (mg) 
HAO 125 7.0 
HA2 118 7.0 
HA4 Y 110 6.3 
HA6 95 5.9 
NCO 95 5.6 
NC2 97 5.3 
NC4 90 4.8 
NC6 88 4.4 
DI 83 4.2 
Significance df 
Treatment 8 ** * 
HAOvs. NC 0 1 ** * 
HA2vs. NC2 1 * ** 
HA4vs. NC4 1 * * 
HA 6 vs. NC 6 1 NS * 
HA vs. NC 1 * * 
HA vs. DI 1 ** ** 
LSD (a=0.05) 14 0.8 
DAS denominates days after sowing. 
Taproot length 
(mm) 
191 
183 
165 
146 
177 
168 
160 
140 
140 
* 
* 
* 
NS 
NS 
* 
** 
12 
Y The da;r that cotyledon emerged. 
NS, •. •• . •• Nonsignificant or significant at P :::;0.05, 0.01, or 0.001, respectively. 
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Table 18. Effects of HA application time on root growth of geranium. 
Apply time Root fresh weigh Root dry weight 
(DAS z) (mg) (mg) 
HAO 12.5 1.2 
HA3 11.6 1.1 
HA6Y 9.1 1.0 
HA9 8.3 0.8 
NCO 9.2 0.8 
NC3 8.5 0.8 
NC6 7.9 0.7 
NC9 7.6 0.8 
DI 7.8 0.6 
Significance df 
Treatment 8 ** ** 
HA 0 vs. NC 0 1 ** * 
HA3 vs. NC 3 1 ** * 
HA6vs. NC 6 1 NS * 
HA9vs. NC9 1 NS NS 
HA vs. NC 1 * * 
HA vs . DI 1 ** *** 
LSD (a=0.05) 1.4 0.2 
DAS denominates days after sowing. 
Taproot length 
(mrn) 
27-
25 
21 
18 
22 
20 
19 
19 
17 
** 
* 
* 
NS 
NS 
* 
** 
2 
Y The dal' that cotyledon emerged. 
Ns, *, **, ** Nonsignificant or significant at P ~0 .05 , 0.01, or 0.001 , respectively. 
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Table 19. Effects of HA aEElication time on root Browth of mariBold. 
Applying time Root fresh weight Root dry weight Taproot length 
(DAS z) (mg) (mg) (mm) 
HAO 26.1 1.9 133 -
HA3 24.9 1.7 117 
HA6 Y 21.9 1.6 105 
HA9 16.9 1.4 92 
NCO 24.2 1.6 106 
NC3 21.6 1.4 101 
NC6 21.5 1.4 106 
NC9 17.3 1.3 97 
DI 15.8 1.1 91 
Significance df 
Treatment 8 ** ** * 
HA 0 vs. NC 0 1 * * * 
HA 3 vs. NC 3 1 ** * * 
HA 6 vs. NC 6 1 NS * NS 
HA 9 vs. NC 9 1 NS NS NS 
HAvs. NC 1 * * * 
HA vs. DI *** ** ** 
LSD (a=0.05) 1.4 0.2 12 
DAS denominates days after sowing. 
Y The day that cotyledon emerged. 
Ns, *, ••. •• Nonsignificant or significant at P :::;0.05, 0.01 , or 0.001, respectively. 
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Discussion 
As the time of HA application was delayed, the effect of HA on root growth was 
reduced for all4 species. These results are consistent with those reported by Vaughan (1969), 
who found as the duration of HA application increased, beet root respiration was increasingly 
enhanced. Humic acids have both indirect effects, such as supplying minerals and increasing 
soil microorganisms, and direct effects, such as improving the uptake of organic 
macromolecules and resulting effects on cell wall and membrane permeability (Chen and 
Aviad, 1990). None of these effects are instantaneous and all require time to result in 
measurable results on plant growth. This maybe the reason for that the earlier HA is applied 
(i.e., the longer time plants were treated with HA solutions), the more pronounced the effects. 
We also found that on some species, application ofHA at late stages (3 or 4) had no 
significant effect on root growth. There are two possible explanations for these results. First, 
HA application started from day 0 essentially received a seed-soak treatment. Other 
researchers have reported that seed-soaking HA can improve the germination of winter wheat 
(Triticum aestivum L.), com (Zea mays L.), and barley (Hordeum vulgare L.) (Sminova, 
1962, and Dixit and Kishore, 1967). The stimulation in germination was attributed to the 
enhanced enzymatic activity in the seed tissue (Dixit and Kishore, 1967). However, when 
HA was applied after germination, there was no seed soaking effect. The second explanation 
may simply be the amount of time that the plant is exposed to the HA. As the exposure time 
is increased, the plant response is increased. 
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IDSTOLOGY STUDY ON HA TREATED ROOT TISSUES 
Materials and Methods 
Cucumber was the only species tested in this experiment. The cultural procedures 
were the same as previously described except where indicated. Only the optimal concentration 
of 5,000 mg·L·1 HA, the equivalent NC, and deionized water were applied. After 7 days 
growth on germination towels treated with each solution, cucumber seedlings were removed 
from the towels. Four mm long samples were excised from the tip of taproots and placed into 
vials. Root samples were fixed in Formalin-acetic-alcohol (FAA), (Berlyn and Miksche, 1976) 
for 24 hours at 40 °C. The roots were removed from FAA and dehydrated using an "up series" 
alcohol (made up by 25%, 50%, 75%, 90%, 95% 100%, 50% alcohol+ 50% xylene and 100% 
xylene, by volume) procedure. This procedure hardened the samples as well. After tissues 
were transferred into 95% ethanol, approximately 2 ml of eosin was also added to each vial for 
pre-staining so that tissues would be visible when embedded in paraffin. The interval between 
each dehydration stages was 30 minutes. The solutions were removed from vials using pipette 
and filled with TBA (tertiary butyl alcohol). The vials were moved to a 60°C-oven. Before 
infiltration in paraffin in the same oven, two anhydrous changes of TBA and one change of 
50% TBA + 50% liquefied paraffin (all with interval of 24-hour) were made. After at least 48-
hour infiltration with the vial cap uncovered, which allowed the solvent (i.e., TBA) to 
evaporate, the infiltrated tissues were embedded in paraffin in Scm diameter round boats. A 
heat plate was used to keep the paraffin in the boat melted while the materials were being 
arranged. Aluminmn boats were slowly moved to a cooler position on the heat plate and 
finally placed to a refrigerator to allow the paraffin to harden. The hardened paraffin was 
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moved out of aluminum boat and cut into pyramid-shaped blocks with one root-tip contained 
in each block. The blocks were then made into sections using a Spencer 820 microtome 
(American Optical Lens Co., MA). After mounting the sections on slides, paraffin was 
removed using a "down" alcohol sequence (Fig. 5). 
Xylene 
2m in 
70% alcohol 
1 min 
50% alcohol 
Xylene 
2m in 
95% alcohol 
2m in 
30% alcohol 
---i~•1: 1 xylene : 100% alcohol 
2min 
+ 
Absolute alcohol 
2min 
Water 
Figure 5. The procedure for dissolving paraffm on the slides 
Sections were stained using a "Hemalum and Safranin" and "Safranin and Fast 
Green" procedure (Jenson, 1962). A cover slip was mounted to the slides using permount, 
and slides were observed under an Olympus® BX40 microscope and photographed on ASA 
200 Kodak Elite® Color Slide under phase contrast. Cell size, shape, and organization of the 
cells in cortex and stele were observed and compared among the 3 treatments. Roots 
diameters were measured by dividing the size of roots diameter on printout by the overall 
amplification (amplification rate of microscope x amplification rate of film scanner). 
Results 
Cucumber roots had a clearly defined cellular organization (Figure 6, 7, 8). Treatment 
did not have a visually apparent affect on cellular organization. Cucumber roots treated with 
HA had the largest diameter among the treatments . HA-treated roots had an average diameter 
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of 1.13 mm while the root treated with NC and DI had average diameters of 0.97 mm and 
0.93 mm, respectively (Figure 9, 10, 11). Diameter ofHA treatment was significantly larger 
than those treated with NC and DI at the 0.05 level, with LSD (a=0.05) value of0.14 mm. 
Average cell size appeared larger for the HA and NC-treated roots. Although not specifically 
measured, NC-treated roots appeared have the greatest intercellular space among the three 
treatments. DI-treated roots appeared to have the most compact cell organization. Cells in 
HA-treated root tips were more found in division session (Figure 7). 
56 
Figure 6 Cross section of cucumber taproot tip, treated with DI. (120 X) 
Figure 7 Cross section of cucumber taproot tip, treated with HA. (120 X) 
Figure 8 Cross section of cucumber taproot tip, treated with NC. (120 X) 
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Figure 9 Longitude section of cucumber taproot tip, treated by DI. (80 X) 
Figure 10 Longitude section of cucumber taproot tip, treated by HA (80 X). 
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Figure 11 Longitude section of cucumber taproot tip, treated by NC (80 X). 
Discussion 
The cells ofi-fA-treated root tip appeared larger in both horizontal-wise and vertical-
wise aspects. This indicated that HA can stimulate the growth of cell in both horizontal and 
vertical aspects . Cells in HA treated roots also appeared more active in division, and this was 
more apparent in the lengthwise aspect. These results are consistent with those reported by 
Helanova and Sladky (1967), Linehan (1976), and Vaughan (1974), who reported that the 
promotion of the root growth by HA was due to both cell division and cell expansion. 
Gorovaya and Solocha ( 1971) also reported that HA stimulated cell division and increased 
the volume of the interphase nuclei of onion root tips. Sladky ( 1967) also proposed that HA 
enhanced cell elongation to a greater extent than cell division. These results are also 
consistent with the conclusions of Mato eta!. (1971) that HA can inhibit IAA-oxidase, 
thereby hindering IAA destruction. Maintenance of high activity of IAA would increase root 
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diameter and length by stimulating cell division and expansion. Therefore, it is possible that 
HA increased the root diameter and length by maintaining the activity of IAA, consequently 
stimulating the cell horizontal expansion as well as vertical cell division. 
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